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Description 

The present invention relates to an optical fiber 
dispersive compensating device utilizing non-degen- 
erate four-wave mixing of a semiconductor laser. 

In optical fiber communication, larger transmis- 
sion speed and transmission distance of signals 
cause deterioration of signal waves due to frequency 
dispersion in the optical fiber forming the transmis- 
sion path. This limits the transmission speed or dis- 
tance. For example, for the transmission of a light sig- 
nal at 1 0 Gb/s with a wavelength of 1 .55 urn using an 
ordinary 1 .3 jam zero-dispersion fiber, a limit of trans- 
mission distance due to secondary frequency disper- 
sion is several tens km or below. 

Several methods of compensating for frequency 
dispersion are known. From among such methods, a 
dispersive compensating method utilizing non-linear 
optical effect is one of the most useful methods since 
theoretically, as analysed by Yariv et al in the paper 
"Compensation for channel dispersion by nonlinear 
optical phase conjugation", in Optics Letters, Vol.4, 
No.2, February 1979, New York, U.S.A., it can com- 
pensate for frequency dispersion independently of 
transmission distance. In this method, a dispersion 
compensating device containing a nonlinear optical 
element is provided at the mid-point of a transmission 
path having substantially uniform frequency disper- 
sion. In the dispersion-compensating device, a fre- 
quency conversion is performed so that the frequen- 
cy spectrum of incoming signal light, which has dete- 
riorated due to frequency dispersion, is reflected 
about a central frequency axis before transmission. 
In principle, the frequency dispersion in the second 
half of the transmission path thus compensates for 
the frequency dispersion in the first half of the trans- 
mission path. For example, assume that, due to fre- 
quency dispersing of optical fiber, higher frequency 
components of signal lighttravel faster than lowerfre- 
quency components. In this process, the signal wave- 
forms deteriorate increasingly as they propagate 
through the optical fiber. In the frequency conversion, 
lower frequency components of signal light before 
conversion are converted into higher frequency com- 
ponents. Thus, portions which are delayed on the first 
half of the transmission path propagate correspond- 
ingly faster on the last half of the transmission path. 
This compensates for the deterioration of the signal 
waveforms in the first half of the transmission path 
and effectively reconstructs the correct signal at the 
end of the transmission path. 

Four-wave mixing or light parametric amplifica- 
tion are used to provide the non-linear optical fre- 
quency conversion. In this connection for example, 
Henmi has filed the Patent Application for a device 
utilizing non-degenerate four-wave mixing of a semi- 
conductor laser amplifier (the Japanese Patent Appli- 
cation No. Hei 1-263678 in 1989). "Non-degenerate 



four-wave mixing" means the phenomenon that, 
when pump light of frequency X and probe light of fre- 
quency X+AX (here, corresponding to input signal 
light) are simultaneously incident on a non-linear opt- 

5 ical medium, a light signal of X-AX is output. If the 
probe light comprises a spectrum having a range of 
frequencies, the output light frequency distribution is 
thus a reflection of the probe light frequency distrib- 
ution about the pump light frequency. 

10 The non-degenerate four-wave mixing of a sem- 

iconductor laser or a semiconductor laser amplifier 
can be produced by two different mechanisms. The 
first is due to carrier density modulation, wherein fre- 
quency conversion efficiency is higher but frequency 

15 response is limited by life time (about 1 ns) of a car- 
rier. Therefore, the highest signal light frequency 
which can be converted is as low as about 1 Gb/s. The 
second mechanism is due to introband non-linear 
process, having lower efficiency of frequency conver- 

20 sion but exhibiting faster response of several hun- 
dreds GHz or more. Therefore signals with 100 Gb/s 
or more may theoretically be converted. This second 
mechanism has a much lower efficiency of frequency 
conversion than the first. Consequently the first 

25 mechanism is widely used in conventional examples. 
A number of problems arise in the conventional 
examples hereinbefore described. Disadvantageous- 
ly, in order to utilize non-linear optical effect such as 
the four-wave mixing or the light parametric amplif i- 

30 cation, a relatively powerful pump light source is gen- 
erally needed. For example, utilization of optical fiber 
as non-linear optical medium requires a pump light 
source of several watts or above. For this reason, rel- 
atively large devices like solid state laser devices are 

35 required for dispersion-compensating devices. These 
are difficult to use in optical fiber transmission in view 
of their power consumption and stability. The very 
large pump light source output is necessary because 
there is no non-linear optical medium with higher ef- 

40 ficiency capable of operating with a lower output 
pump light source such as one of several tens mW or 
below. 

The only known solution to this problem is to use 
the non-degenerate four-wave mixing of the semicon- 

45 ductor laser amplifier as in the conventional example 
described above. This requires a pump light source 
with 1 mW or below to obtain an adequate efficiency 
of frequency conversion. However, because the four- 
wave mixing caused by modulation of carrier density 

so as conventionally used has lower speed response, 
high frequency signals of 1 Gb/s or above are difficult 
to frequency convert. If the four-wave mixing caused 
by the introband non-linear process could be used, a 
higher frequency signal could be converted. 

55 Because the conversion efficiency is much lower 
however, a dispersive compensating device utilizing 
such phenomenon has not been realized to date. 
The phenomenon of non-degenerate four wave 
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mixing (NDFWM) using an introband process, i.e. the 
modulation of the occupation probability of carriers 
within a band, has however been observed experi- 
mentally as described by Provost and Frey, in "Cavi- 
ty-enhanced highly non-degenerate four-wave mix- 
ing in GaAIAs semiconductor lasers", Applied Physics 
Letters, vol.55, no.6, 7th August 1989, New York, 
U.S.A. In this experiment a GaAIAs semiconductor 
laser was used as the non-linear optical medium. 
Pump light was provided si mply by operating the laser 
in conventional fashion and a probe beam was input 
from a laser diode. The spectral characteristics of the 
output beam from the GaAIAs laser were analysed 
and the pump frequency co, the probe frequency 
©+Acd and a conjugate frequency <d-A© were identi- 
fied, thus demonstrating that NDFWM had occurred. 

The invention provides an optical fibre disper- 
sion-compensation device as defined in the appen- 
dant independent claim. Preferred features of the in- 
vention are defined in dependent subclaims. 

The present invention may thus advantageously 
provide an optical fibre dispersion-compensating de- 
vice exhibiting stability with lower power consumption 
capable of compensating waveform deterioration 
caused by frequency dispersion of high speed signals 
with several Gb/s or above. 

Non-degenerate four-wave mixing in a semicon- 
ductor laser or a semiconductor laser amplifier can be 
produced by two different mechanisms. One mecha- 
nism is due to carrier density variation, wherein the 
maximum light signal transmission frequency which 
can be converted is as low as about 1 GHz. Another 
mechanism is due to an introband non-linear process, 
and has lower efficiency but exhibits a response time 
enabling conversion at several hundreds GHz or 
above. 

The utilization of introband non-linear process of 
the semiconductor laser which has not previously 
been used for optical fibre dispersion-compensation 
makes possible dispersion-compensation of high fre- 
quency light signals with several Gb/s or above. FIG. 
2 indicates a typical detuning frequency dependency 
of the output signal light intensity in a non-degenerate 
four-wave mixing process in a travelling wave type 
semiconductor laser amplifier. "Detuning frequency" 
means a difference between input signal light fre- 
quency and pump light frequency. The effect caused 
by modulation of carrier density is shown by dotted 
line and the effect caused by the introband non-linear 
process is shown by solid line. In the latter, the output 
signal light intensity is substantially constant in the 
frequency range from one hundred GHz to several 
hundreds GHz, whereas in the former the values at 
several hundreds of GHz are negligible. Therefore, if 
the frequency distribution, or spectrum of input signal 
light is reflected using four-wave mixing in the range 
of the detuning frequency, frequency conversion of 
high frequency signals of 1 00 Gb/s or above can the- 



oretically be achieved and dispersion-compensation 
becomes possible. 

A specific method will be explained referring to 
FIG. 3 which typically indicates resonance modes, 

5 pump light, input signal light, and output light relating 
to frequencies with respect to a Fabry-Perot type 
semiconductor laser (FP laser). The resonance 
modes are aligned substantially at even intervals on 
a frequency axis as in FIG. 3(a). Frequency of pump 

10 light is matchabie to be injected into one of the reso- 
nance modes of the semiconductor laser, so that only 
that resonance mode of the semiconductor laser is 
emphasized and the laser oscillates in a single axis 
mode (this means the forming of injection locking sta- 
ys tus). Here, frequency of the input signal light is match- 
able to be injected into one of the other resonance 
modes. The output signal light frequencies are then 
formed by frequency conversion by reflection of the 
input light frequencies to the position of a resonance 

20 mode exactly symmetrical to the pump light frequen- 
cy as in FIG. 3(b), being generated by the process of 
the non-degenerate four-wave mixing in which the os- 
cillating light is used as pump light and the input signal 
light is used as probe light. The output signal light is 

25 amplified by an order of magnitude or more by reso- 
nance, resulting in higher intensity. In the utilization 
of resonance as in the present invention, in addition 
to amplification of the output signal light, the four- 
wave mixing may advantageously be generated at a 

30 relatively lower power due to an internal electric field 
enlarged by confining the pump light and input signal 
light into a resonator. The arrangement using the 
semiconductor laser as non-linear optical medium 
provides a smaller size with stable operation. 

35 Although the resonance modes to be used must 

be within a gain-band of the semiconductor laser, lim- 
itation for a frequency band to be used is slack due 
to an ordinary gain band of several thousands GHz. 
The maximum value of detuning frequency, that is, 

40 the resonance mode frequency furthest from the 
pump light frequency to be used must be selected to 
be about 1000 GHz or less from the pump light fre- 
quency. 

This value is determined depending on response 
45 time of the introband non-linear process of the sem- 
iconductor laser. The minimum value of detuning fre- 
quency is determined by frequency interval of the res- 
onance modes (usually about 1 00 to 200 GHz), which 
frequency interval is inversely proportional to length 
so of resonator of the semiconductor laser and may be 
adjusted by suitably setting the resonator length. The 
output signals are amplified using resonance accord- 
ing to the invention, and hence limitation of frequency 
band due to resonance determines the upper limit of 
55 signal speed to be dispersion-compensated. For this 
band, the resonator length of the semiconductor las- 
er, end surface reflectivity and inside gain are adjust- 
able to obtain a band of the order of several tens GHz, 
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and capable of compensating frequency dispersion of 
higher speed signals of about 1 0 Gb/s. 

The spectrum of output signal light is in the form 
where the spectrum of input signal light is reflected 
with respect to the frequency of the pump light. Ac- 
cordingly, influence of frequency dispersion of a 
transmission path on the transmitting side is compen- 
sated on the receiving side. The dispersion-compen- 
sating device containing this non-linear optical me- 
dium may thus be arranged at the intermediate posi- 
tion of an optical fiber transmission path having sub- 
stantially uniform frequency dispersion characteristic 
and the output signal light after spectrum reflection 
transmitted to the receiving side. From this process, 
a signal wave-form may be received at the receiving 
end of the transmission path substantially without 
suffering deterioration by frequency dispersion. In 
this device, the output signal light has a center fre- 
quency different by several hundreds GHz from that 
of the input light. However, such problem is avoided 
on the transmission path by some positional adjust- 
ment of the location of the dispersion-compensating 
device. More specifically, the dispersion-compensat- 
ing device may preferably be arranged at the position 
where a total of dispersion at center frequency of in- 
put signal light of the transmission path on the trans- 
mitting side may be equal to the total of dispersion at 
center frequency of output signal light on the receiv- 
ing side of the transmission path. 

Preferred embodiments of an optical fiber disper- 
sive compensating device in accordance with the 
present invention will hereinafter be described in de- 
tail with reference to the accompanying drawings. 

FIG. 1 is a block diagram of a first embodiment 
of an optical fiber dispersion-compensating device 
according to the present invention. 

FIG. 2 is a diagram showing detuning frequency 
dependency of output signal light intensity on process 
of non-degenerate four-wave mixing. 

FIG. 3 is a diagram showing a resonance mode, 
pump light, inputsignal light, and outputsignal lightre- 
lating to frequency with respect to an FP laser. 

FIG. 4 is a diagram showing output spectra for 
pump light, inputsignal light, and outputsignal light re- 
lating to frequency with respect to a distributed feed- 
back type semiconductor laser (DFB laser). 

FIG. 5 is a block diagram-of a second embodi- 
ment of an optical fiber disperson-compensating de- 
vice according to the present invention. 

FIG. 1 is a block diagram of a first embodiment 
according to the present invention, typically showing 
a basic construction of an optical fiber dispersion- 
compensating device. The optical fiber dispersion- 
compensating device is essentially comprised of a 
Fabry-Perot type semiconductor laser (FP laser) 10 
of non-linear optical medium, a pump laser 20, a fre- 
quency filter 30, an optical fiber amplifier 40, a polar- 
ization compensating device 50, an optical isolator 



60, and an optical system for connection thereof. A 
spectrum of inputsignal light deteriorated by frequen- 
cy dispersion from a transmission line 200 on the 
transmitting side is reflected (in other words, fre- 

5 quency converted) about a frequency axis using non- 
degenerate four-wave mixing of an FP laser 1 0 and is 
fed as output signal light to a transmission line 300 on 
the receiving side. The operational principle is as 
hereinbefore described. 

10 A semiconductor laser with 1 .55 |xm band is used 

as an FP laser 10, a distributed feedback type semi- 
conductor laser (hereinafter referred to as a DFB las- 
er) with 1.55 jam band is used as a pump laser 20. 
Both of the two lasers are temperature stabilized 

15 within ±0.1 °C or less. A resonance mode of the FP 
laser 10 and frequency of the pump laser 20 are re- 
spectively adjusted by temperature control. Frequen- 
cy of output signal light may be changed with variation 
of frequency of pump laser 20 and with variation of an 

20 oscillation mode of the FP laser 1 0. The frequency f i I- 
ter 30 is for taking up only output signal light from the 
FP laser 1 0 and in this arrangement a Fabry-Perot in- 
terference type filter is used therefor. The optical fib- 
er amplifier 40 is one for amplifying a converted out- 

25 put signal light to deliver it to a transmission line. The 
optical fiber amplifier 40 uses erbium doped optical 
fiber by semiconductor laser excitation. The polariza- 
tion compensating device 50 is to apply pressure to 
optical fiber to adjust polarization of input signal light 

30 and is comprised of a stress applying section, a mon- 
itor section, a control section and the like. 

The non-linear optical medium may also be pro- 
vided by a semiconductor laser with a plurality of res- 
onance modes capable of single axis mode oscilla- 

35 tion. 

Such lasers may include an ordinary FP laser or 
the DFB laser, a distributive Bragg reflection type 
semiconductor laser, a composite resonance type 
semiconductor laser and the like. 

40 FIG. 4 is a diagram showing typical output spec- 

tra in use of a DFB laser, and more particularly show- 
ing pump light, input signal light, and output signal 
light each relating to frequency. A so-called X74 shift 
type DFB laser is used as a DFB laser. In this 7J4 shift 

45 type DFB laser, a sub-mode is present at the symmet- 
rical positions on both sides of a central oscillation 
mode as in FIG. 4(a). The signal light at the positions 
of the sub-modes are amplified by resonance as in a 
resonance mode of the Fabry-Perot type. When the 

so input signal is injected to a position of one of the sub- 
modes in the oscillation state, output signal light with 
a spectrum reflected about a frequency axis to the 
position of a sub-mode on the opposite side of the 
pump light (that is, oscillation light) as shown in Figure 

55 4(b) is generated by non-degenerate four-wave mix- 
ing. This outputsignal light is amplified by resonance, 
thus producing great intensity. Af requency interval of 
the oscillation mode and the sub-mode is normally 
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about 100 to 200 GHz or above, and only the output 
signal light may be taken out by the frequency filter 
30. A resonance frequency band may be adjusted by 
varying resonator length or a coupling coefficient of 
diffraction grating of the XI A shift type DFB laser , 
and its frequency band is in the order of several tens 
GHz. 

The XIA shift type DFB laser is ordinarily non-re- 
flectively coated at both ends. However, if it has a 
several percent reflectivity, a resonance mode as in 
the FP laser arises on both sides of sub-modes as 
shown in FIG. 4. This indicates a possibility to use 
these resonance modes. The same results are ob- 
tained even in using as a single mode laser the sem- 
iconductor laser having the other construction as 
hereinbefore described. 

FIG. 5 is a block diagram of the second embodi- 
ment according to the present invention. 

An essential different point from the first embodi- 
ment is to provide a means for single axis mode os- 
cillating by selective feedback of light of specific res- 
onance mode from among a plurality of resonance 
modes using an FP laser 10 as non-linear optical me- 
dium. The other points are substantially the same as 
the first embodiment. In the device, light itself of the 
oscillation mode may be used as pump laser thereby 
the pump light as arranged in the first embodiment is 
not necessary. Thus the device construction is sim- 
plified. The operational principle is entirely the same 
as the first embodiment. A diffraction grating 80 is 
used as a means for feeding-back a specific reso- 
nance mode. A half mirror 70 is introduced for taking 
out an output signal light from the FP laser 10. 

While the preferred embodiment in accordance 
with the present invention has fully been described, 
some supplemental explanation will be made as fol- 
lows. In the embodiments, only the device corre- 
sponding to 1.55 urn band as a wavelength band of 
signal light has been shown and described. However, 
by varying the wavelength of the semiconductor laser 
and pump light source, the same effect as hereinbe- 
fore described may be obtained even for signal light 
of other wavelength bands for example, 1.3 \im band 
etc. The device according to the present invention 
may effectively be applied as a modulation and de- 
modulation system of signal light not only in a direct 
detecting system but also in the other method such as 
a coherent system. The frequency filter 30 and the 
fiber amplifier 50 of the embodiments may be omitted 
depending on a transmission line. The polarized wave 
compensating device 50 is not necessary in the ar- 
rangement where a polarization maintained optical 
filter is used as a transmission line or in the transmis- 
sion line where a polarization variation is negligible. 

In the arrangement capable of amplifying by res- 
onance according to the present invention, the output 
signal light may be taken out from any of two resona- 
tor faces of semiconductor laser of non-linear optical 



medium. Therefore, in addition to the arrangement 
according to the embodiments, for example, the ar- 
rangement capable of injecting the pump light and in- 
put signal light from an output side resonator face 
5 may be utilized by suitably changing an optical sys- 
tem. 

As hereinbefore fully described according to the 
present invention, there may be realized an optical 
fiber dispersion-compensating device of stability with 
w lower electric power consumption capable of com- 
pensating wave deterioration due to dispersion of 
high speed signals with several Gb/s or above. 

15 Claims 

1. An optical fibre dispersion-compensation device 
comprising a non-linear optical medium (10) hav- 
ing a plurality of resonance modes, provided by 

20 a semiconductor laser, an injection means for in- 
jecting input signal light into the non-linear optical 
medium, a take-out means (30) for taking out 
from the non-linear optical medium output signal 
light generated by frequency conversion of the in- 

25 put signal light in the non-linear optical medium 

by non-degenerate four-wave mixing, and a vari- 
able-frequency pump means (20), (70,80) cou- 
pled to the non-linear optical medium for estab- 
lishing oscillation of the non-linear optical me- 

30 dium at a frequency substantially coincident with 

a resonance mode thereof, the frequency of the 
input signal light being substantially coincident 
with a resonance mode different from the estab- 
lished oscillation frequency. 

35 

2. A device according to claim 1 , in which the pump 
means comprises a semiconductor laser for in- 
jecting pump light into the non-linear optical me- 
dium. 

40 

3. A device according to claim 2, in which the pump 
means semiconductor laser is a distributed feed- 
back type semiconductor laser. 

45 4. A device according to claim 1 , in which the pump 
means comprises a means for feeding back to the 
non-linear optical medium light of a frequency 
substantially corresponding to a resonance mode 
of the non-linear optical medium. 

50 

5. A device according to claim 4, in which the selec- 
tive feedback means comprises a diffraction 
grating (80). 

55 6. A device according to any preceding claim, in 
which the non-linear optical medium is provided 
by a Fabry-Perot-type semiconductor laser in 
which single axis mode oscillation in a specific 
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resonance mode of the laser from among a plur- 
ality of resonance modes of the laser is establish- 
ed by the variable frequency pump means. 

7. A device according to any preceding claim, in 
which the non-linear optical medium is tempera- 
ture stabilised within ± 0.1 °C or less. 

8. Adevice according to claim 2, in which the pump 
means semiconductor laser is temperature sta- 
bilised to within ±0.1 °C or less. 



Patentanspruche 

1 . Dispersionskorrekturvorrichtung fur Lichtwellen- 
leiter mit einem nichtlinearen optischen Medium 
(10) mit mehreren Resonanzmoden, gebildet 
durch einen Halbleiterlaser, einer Injektionsein- 
richtung zum Injizieren von Eingabesignallicht in 
das nichtlineare optische Medium, einer Abnah- 
meeinrichtung (30) zum Abnehmen von Ausga- 
besignallicht, das durch Frequenzwandlung 
des Eingabesignallichts in dem nichtlinearen 
optischen Medium durch nichtentartete Vier- 
wellenmischung erzeugt wird, von dem nichtli- 
nearen optischen Medium sowie einer mit dem 
nichtlinearen optischen Medium gekoppelten 
Pumpeinrichtung (20), (70, 80) mit veranderli- 
cher Frequenz zum Herstellen einer Schwingung 
des nichtlinearen optischen Mediums mit einer 
Frequenz, die im wesentlichen mit einer Reso- 
nanzmode von ihr zusammenfallt, wobei die Fre- 
quenz des Eingabesignallichts im wesentlichen 
mit einer Resonanzmode zusammenfallt, die sich 
von der hergestellten Schwingungsfrequenz un- 
terscheidet. 

2. Vorrichtung nach Anspruch 1, wobei die 
Pumpeinrichtung einen Halbleiterlaser zum Inji- 
zieren von Pumplicht in das nichtlineare optische 
Medium aufweist. 

3. Vorrichtung nach Anspruch 2, wobei der Halblei- 
terlaser der Pumpeinrichtung ein Halbleiterlaser 
mit verteilter Ruckkopplung (DFB-Laser) ist. 

4. Vorrichtung nach Anspruch 1, wobei die 
Pumpeinrichtung eine Einrichtung zum Ruckkop- 
peln von Licht mit einer Frequenz, die im wesent- 
lichen einer Resonanzmode des nichtlinearen 
optischen Mediums entspricht, zu dem nichtli- 
nearen optischen Medium aufweist. 

5. Vorrichtung nach Anspruch 4, wobei die selektive 
Riickkopplungseinrichtung ein Beugungsgitter 
(80) aufweist. 



6. Vorrichtung nach einem der vorhergegangenen 
Anspruche, wobei das nichtlineare optische Me- 
dium durch einen Fabry-Perot-Halbleiterlaser 
gebildet ist, in dem eine Einachsenmoden- 
5 schwingung in einer spezif ischen Resonanzmo- 

de des Lasers von mehreren Resonanzmoden 
des Lasers durch die Pumpeinrichtung mit veran- 
derlicher Frequenz hergestellt wird. 

10 7. Vorrichtung nach einem der vorhergegangenen 
Anspruche, wobei das nichtlineare optische Me- 
dium innerhalb von hochstens ± 0,1 °C tempera- 
turstabilisiert ist. 

15 8. Vorrichtung nach Anspruch 2, wobei der Halblei- 
terlaser der Pumpeinrichtung innerhalb von 
hochstens ±0,1 °C temperaturstabilisiert ist. 



20 Revendications 

1. Dispositif de compensation de dispersion de fi- 
bre optique comprenant un milieu optique non li- 
n6aire (10) pr6sentant une multitude de modes 

25 de resonance, muni d'un laser d semi- 

conducteur, un moyen d'injection pourinjecterle 
signal lumineux en entree dans le milieu optique 
non Iin6aire, un moyen de sortie (30) pour sortir 
du milieu optique non Iin6aire le signal lumineux 

30 produit par conversion en frequence du signal lu- 

mineux d'entr6e dans le milieu optique non Iin6ai- 
re par melange quatre ondes non d6g6n6r6es, et 
un moyen de pompage & frequence variable (20), 
(70,80) coupl6 au milieu optique non lin£aire af in 

35 d'6tablir Toscillation du milieu optique non Iin6ai- 

re & une frequence qui coincide pratiquement 
avec son mode de resonance, la frequence du si- 
gnal lumineux en entree coincidant pratiquement 
avec un mode de resonance different de la fr6- 

40 quence d'oscillation 6tablie. 

2. Dispositif selon la revendication 1 , dans lequel le 
moyen de pompage comprend un laser d semi- 
conducteur destine k injecter la lumi&re de pom- 

45 page dans le milieu optique non Iin6aire. 

3. Dispositif selon la revendication 2, dans lequel le 
laser d semi-conducteur du moyen de pompage 
est un laser & semi-conducteur du type & reaction 

so rgpartie. 

4. Dispositif selon la revendication 1, dans lequel le 
moyen de pompage comprend un moyen pour 
renvoyer au milieu optique non Iin6aire un signal 

55 lumineux d'une frequence correspondant prati- 

quement d un mode de resonance du milieu op- 
tique non Iin6aire. 
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5. Dispositif selon ta revendication 4, dans lequel le 
moyen de reaction s£lectif comprend un r£seau 
de diffraction (80). 

6. Dispositif selon I'un quelconque des revendica- 5 
tions pr£c6dentes, dans lequel le milieu optique 

non lin£aire est prouv£ par un laser k semi- 
conducteurdu type Fabry-Perot dans lequel Pos- 
cillation monomode axiale dans un mode de r6- 
sonance sp6cif ique laser parmi une multitude de w 
modes de resonance du laser est etablie par le 
moyen de pompage & frequence variable. 

7. Dispositif selon I'une des quelconques revendi- 
cations pr6c6dentes, dans lequel le moyen opti- 15 
que non lin£aire est stabilise en temperature & 
I'interieur d'une plage de ± 0,1°C ou moins. 

8. Dispositif selon la revendication 2, dans lequel le 
laser & semi-conducteur du moyen de pompage 20 
est stabilise en temperature & I'interieur d'une 
plage de ± 0,1°C ou moins . 



25 



30 



35 



40 



45 



50 



55 



( 

7 



EP 0 500 357 B1 




8 



EP 0 500 357 B1 




9 



EP 0 500 357 B1 



FIG. 3 



NO INPUT SIGNAL LIGHT 



OSCILLATION MODE 



A A A A J 



RESONANCE MODE 



LAAAZ\ 



(a) 



INPUT SIGNAL LIGHT 



PUMP LIGHT 



OUTPUT 
SIGNAL LIGHT 



INPUT 

SIGNAL LIGHT 
A 



A A i I A A A J i A A 

FREQUENCY 



(b) 



10 



EP 0 500 357 B1 



FIG. 4 



NO INPUT SIGNAL LIGHT 



OSCILLATION MODE 



SUB-MODE 




(a) 



INPUT SIGNAL LIGHT 



PUMP LIGHT 

I 



OUTPUT 
SIGNAL LIGHT 



INPUT 
SIGNAL LIGHT 

A 



FREQUENCY 



(b) 



11 



EP 0 500 357 B1 




Europaisches Patentamt 
European Patent Office 
Office europSen des brevets 




(fi) Publication number : 0 500 357 A2 



EUROPEAN PATENT APPLICATION 



@ Application number: 92301386.6 
(g) Date of filing : 19.02.92 



@ int. CI. 5 : H04B 10/18, H01S 3/25, 
G02F 1/35 





Priority : 19.02.91 JP 24233/91 


(72) Inventor : Murata, Shigeru 




c/o NEC Corporation, 7-1 Shiba 5-chome 




Date of publication of application : 


Minato-ku, Tokyo (JP) 




26.08.92 Bulletin 92/35 








(74) Representative : Abnett, Richard Charles et al 




Designated Contracting States : 


REDDIE & GROSE 16 Theobalds Road 




DE FR GB 


London WC1X 8PL (GB) 




Applicant : NEC CORPORATION 






7-1, Shiba 5-chome Minato-ku 






Tokyo 108-01 (JP) 





ID 
CO 



IT) 



LU 



@ Optical fiber dispersion-compensating device. 

(57) An optical fiber dispersion-compensating de- 
vice of good stability with low electric power 
consumption and capable of compensating 
wave deterioration due to dispersion of high 
speed signals with several Gb/s or above, com- 
prises a Fabry-Perot type semiconductor laser 
(10), a pump laser (20) generating pump light, 
means (60) for injecting input signal light and 
the pump light into the non-linear optical 
medium, and means (38,40) for taking out out- 
put signal light which is frequency converted 
and is generated from the non-linear optical 
medium by a process of non-degenerate four- 
wave mixing. The frequencies of the pump light 
and input signal light respectively substantially 
coincide with one of the different resonance 
modes of the Fabry-Perot type semiconductor 
laser (10). 
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The present invention relates to an optical fiber 
dispersive compensating device utilizing non-degen- 
erate four-wave mixing of a semiconductor laser. 

In optical fiber communication, larger transmis- 
sion speed and transmission distance of signals 
cause deterioration of signal waves due to frequency 
dispersion of optical fiber forming a transmission path. 
This results in limiting the transmission speed or dis- 
tance. For example, for the transmission of light signal 
1 0 Gb/s with 1 .55 u.m using an ordinary 1 .3 um zero- 
dispersion fiber, a limit of transmission distance due 
to secondary frequency dispersion is several tens km 
or below. 

Several methods of compensating the frequency 
dispersion are introduced. From among such 
methods, a dispersive compensating method utilizing 
non-linear optical effect is one of the most useful 
methods since its compensation may be effected 
theoretically free of transmission distance to be com- 
pensated. In this method, a dispersion compensating 
device containing a nonlinear optical element is pro- 
vided at the intermediate point of a transmission path 
having substantially uniform frequency dispersion. In 
the dispersion-compensating device, spectrum of sig- 
nal light deteriorated by transmitted frequency disper- 
sion is turned to back at a frequency axis (in other 
words, performing frequency conversion) to be fed to 
a transmission path at the receiving side. This may 
compensate influence due to first half of frequency 
dispersion on the transmission path by using last half 
of the frequency dispersion thereon. For example, as- 
suming that, due to frequency dispersion of optical 
fiber, higher frequency components of signal light 
travel fasterthan lower frequency components. In this 
process, the signal waveforms are more deteriorated 
with the increase of propagation in the optical fiber. If 
the frequency conversion of signal light as hereinbef- 
ore described is performed at the intermediate point 
on the transmission path, lower frequency compo- 
nents of signal light before conversion are converted 
into higher frequency components. Thus, portions 
which are delayed on the first half of the transmission 
path are turned to as they were, on the last half of the 
transmission path, this compensates the deterioration 
of the signal waveforms at the receiving side. 

Four-wave mixing or light parametric amplifi- 
cation are used as non-linear optical effect. In this 
connection for example, Henmi has filed the Patent 
Application for a device utilizing non-degenerate four- 
wave mixing of a semiconductor laser amplifier (the 
Japanese Patent Application No. Hei 1-263678 in 
1989). "Non-degenerate four-wave mixing" means 
the phenomenon that, when pump light and probe 
light (here, corresponding to input signal light) with 
frequency different from that of the pump light are sim- 
ultaneously incident on non-linear optical medium, 
then output signal light with spectrums which have 
been inverted probe light spectrums on frequency 



axis generates at symmetrical positions to the probe 
light relative to the pump light frequency. 

The non-degenerate four-wave mixing of a semi- 
conductor laser or a semiconductor laser amplifier is 

5 produced by two different mechanisms. One mechan- 
ism is due to carrier density modulation, wherein fre- 
quency conversion efficiency is higher but frequency 
response is limited by lift time (about 1 ns) of a carrier. 
Therefore, signal light transmission speed to be con- 

10 verted is as low as about 1 Gb/s. Another mechanism 
is due to introband non-linear process, having lower 
efficiency of frequency conversion but exhibiting 
higher response of several hundreds GHz or more. 
Therefore signals with 1 00 Gb/s or more may theoreti- 

15 cally be converted. The latter however has very lower 
efficiency of frequency conversion, as a result the for- 
mer four-wave mixing caused by the carrier density 
modulation is widely used in conventional examples. 
Problems as undermentioned arise in the con- 

20 ventional examples as hereinbefore described. Gen- 
erally, in order to utilize non-linear optical effect such 
as the four-wave mixing or the light parametric ampli- 
fication, disadvantageously a very larger output is 
necessitated for a pump light source. For example, 

25 utilization of optical fiber as non-linear optical medium 
requires a pump light source of several W or above. 
For this reason, lager type devices like a solid laser 
device are required for dispersion-compensating 
devices, it is difficult to use for the optical fiber trans- 

30 mission in view of its power consumption and stability. 
The very larger output of pump light source is neces- 
sary from the fact that there is hardly found non-linear 
optical medium with higher efficiency capable of 
operating with a lower output pump light source of 

35 several tens mW or below. 

Only one exception is to use the non-degenerate 
four-wave mixing of the semiconductor laser amplifier 
as described in the conventional example. It is a pump 
light source with 1 mW or below to obtain a higher effi- 

40 ciency of frequency conversion. However, because 
the four-wave mixing caused by modulation of carrier 
density has been conventionally used has lower 
speed response, high speed signals with 1 Gb/s or 
above are difficult to frequency convert. If the four-wa- 

45 ve mixing caused by the introband non-linear process 
is possible to be used, a higher speed signal must be 
converted. The conversion efficiency being exten- 
sively lower, a dispersive compensating device utiliz- 
ing such phenomenon has not been realized to date. 

50 An object of the present invention is to solve such 

problems and to provide an optical fiber dispersion- 
compensating device exhibiting stability with lower 
power consumption capable of compensating 
waveform deterioration caused by frequency disper- 

55 sion of high speed signals with several Gb/s or above. 
The optical fiber dispersion-compensating device 
in accordance with the present invention is a device 
at least comprising non-linear optical medium, a pump 



2 



3 



EP 0 500 357 A2 



4 



tight source for generating pump light, an injection 
means for injecting input signal light and the pump 
light into the non-linear optical medium, a take-out 
means for taking out output signal light which is fre- 
quency converted and is generated from the nonlinear 
optical medium by process of non-degenerate four- 
wave mixing, wherein the non-linear optical medium 
is a Fabry Perot type semiconductor laser (hereinafter 
referred to as an FP laser) and the frequencies of the 
pump light and input signal light are respectively sub- 
stantially coincided with one of different resonance 
modes of the FP laser. 

A device at least comprising non-linear optical 
medium, an injection means for injecting input signal 
light into the non-linear optical medium, a take-out 
means for taking out output signal light which is fre- 
quency converted and is generated from the non-line- 
ar optical medium by process of non-degenerate 
four-wave mixing, wherein the non-linear optical 
medium is the FP laser, an oscillation means is pro- 
vided for single axis mode oscillating by selectively 
feedback light of a specific resonance mode of the FP 
laser, frequency of the input signal light is substan- 
tially coincided with one of the resonance modes dif- 
fering from frequency of the oscillation mode. 

Non-degenerate four-wave mixing of a semicon- 
ductor laser or a semiconductor laser amplifier is pro- 
duced by two different mechanisms. One mechanism 
is due to carrier density variation, wherein light signal 
transmission speed to be converted is as low as about 
1 GHz. Another mechanism is due to introband non- 
linear process, having lower frequency efficiency but 
exhibiting response time of several hundreds GHz or 
above. 

The utilization of introband non-linear process of 
the semiconductor laser which has not been con- 
ventionally used makes possible of dispersion-com- 
pensation of high speed light signals with several 
Gb/s or above. FIG. 2 typically indicates detuning fre- 
quency dependency of output signal light intensity in 
process of the non-degenerate four-wave mixing of a 
travelling wave type semiconductor laser amplifier. 
"Detuning frequency" means a difference between 
input signal light frequency and pump light frequency. 
The item caused by modulation of carrier density is 
shown by dotted line and the item caused by process 
of introband nonlinear is shown by solid line. Output 
signal light intensity is substantially constant in the 
frequency range from one hundred GHz to several 
hundreds GHz the values of which are negligible for 
the foregoing. Therefore, spectrums of the input sig- 
nal light are turned to back using the four-wave mixing 
in the range of the detuning frequency, thereby 
theoretically a frequency conversion of high speed 
signals with 100 Gb/s or above, i.e., the dispersion- 
compensation comes possible. 

The four-wave mixing caused by the introband 
non-linear process of the semiconductor laser or 



semiconductor laser amplifier has very lower effi- 
ciency for frequency conversion, higher intensity of 
the output signal light does not exhibit satisfactorily 
and the four-wave mixing is impossible to use for the 

5 dispersion-compensating device under the condition 
as it is. Accordingly in the present invention, in order 
to greatly upgrade frequency conversion efficiency, 
the output signal light is amplified using resonance by 
the semiconductor laser with a resonance mode as a 

10 non-linear optical medium. 

A concrete method will be explained referring to 
FIG. 3 which typically indicates resonance modes, 
pump light, input signal light, and output light relating 
to frequencies with respect to a Fabry-Perot type 

15 semiconductor laser (FP laser). The resonance 
modes are aligned substantially at an even interval on 
a frequency axis as in FIG. 3(a). Frequency of pump 
light is matchable to be injected into one of the reso- 
nance modes of the semiconductor laser, thus only 

20 the resonance mode of the semiconductor laser is 
emphasized and oscillated in a single axis mode (this 
means the forming of injection locking status). Here, 
frequency of the input signal light is matchable to be 
injected into one of the other resonance modes, and 

25 the output signal light which is returned to back (that 
is, frequency converted) to the position of a reso- 
nance mode exactly symmetrical to the pump light fre- 
quency as in FIG. 3(b), is generated by the process 
of the non-degenerate four-wave mixing in which the 

30 oscillating light is used as pump light and the input sig- 
nal light is used as probe light. The output signal light 
is amplified by one digit or more by resonance, result- 
ing in higher intensity. In the utilization of resonance 
as in the present invention, in addition to amplification 

35 of the output signal light, the four-wave mixing may 
advantageously be generated at a relatively lower 
power due to an internal electric field enlarged by con- 
fining the pump light and input signal light into a 
resonator. The arrangement using the semiconductor 

40 laser as non-linear optical medium provides a smaller 
size with stable operation. 

Although the resonance modes to be used must 
be within a gain-band of the semiconductor laser, limi- 
tation for a frequency band to be used is slack due to 

45 an ordinary gain band of several thousands GHz. The 
maximum value of detuning frequency, that is, a reso- 
nance mode position at a frequency mostly apart from 
the frequency to be used must be selected at about 
1000 GHz or below from the pump light frequency. 

so This value is determined depending on response time 
of the introband non-linear process of the semicon- 
ductor laser. The minimum value of detuning fre- 
quency is determined by frequency interval of the 
resonance mode (ordinary, about 100 to 200 GHz), 

55 which frequency interval is inversely proportional to 
length of resonator of the semiconductor laser and 
may be adjusted by suitably setting the resonator 
length. The output signals are amplified using reso- 
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nance according to the invention, and hence limitation 
of frequency band due to resonance determines the 
upper limit of signal speed to be dispersion-compen- 
sated. For this band, the resonator length of the semi- 
conductor laser, end surface reflectivity and inside 
gain are adjustable to obtain the band with the order 
of several tens GHz, and capable of compensating 
frequency dispersion of higher speed signals of about 
10Gb/s. 

The spectrum of output signal light is in the form 
where the spectrum of input signal light is turned back 
to frequency of pump light. Accordingly, influence of 
frequency dispersion of a transmission path on the 
transmitting side is compensated at a receiving side 
transmission path in a way that the dispersion-com- 
pensating device containing this non-linear optical 
medium is arranged at the intermediate position of an 
optical fiber transmission path having substantially 
uniform frequency dispersion characteristic and the 
output signal light turned back on the spectrum is 
transmitted to the receiving side. From this process, 
signal wave-form substantially without suffering of 
deterioration by frequency dispersion may be 
received at the receiving end. In this device, the out- 
put signal light has a center frequency different by 
several hundreds GHz from that of the input light. 
However, such problem is avoided on the transmis- 
sion path by some positional adjustment of location of 
the dispersion-compensating device. More specifi- 
cally, the dispersion-compensating device may pref- 
erably be arranged on the position where a total of 
dispersion at center frequency of input signal light of 
the transmission path at the transmitting side may be 
equal to another total of dispersion at center fre- 
quency of output signal light of transmission path at 
the receiving side. 

Preferred embodiments of an optical fiber disper- 
sive compensating device in accordance with the pre- 
sent invention will hereinafter be described in detail 
with reference to the accompanying drawings. 

FIG. 1 is a block diagram of a first embodiment of 
an optical fiber dispersion-compensating device 
according to the present invention. 

FIG. 2 is a diagram showing detuning frequency 
dependency of output signal light intensity on process 
of non-degenerate four-wave mixing. 

FIG. 3 is a diagram showing a resonance mode, 
pump light, input signal light, and output signal light 
relating to frequency with respect to an FP laser. 

FIG. 4 is a block diagram of a second embodiment 
of an optical fiber dispersion-compensating device 
according to the present invention. 

FIG. 5 is a diagram showing output spectra for 
pump light, input signal light, and output signal light 
relating to frequency with respect to a distributed 
feedback type semiconductor laser (DFB laser). 

FIG. 6 is a block diagram of a third embodiment 
of an optical fiber dispersion-compensating device 



according to the present invention. 

FIG. 1 is a block diagram of a first embodiment 
according to the present invention, typically showing 
a basic construction of an optical fiber dispersion- 

5 compensating device as claimed in claim 1 . The opti- 
cal fiber dispersion-compensating device is 
essentially comprised of a Fabry-Perot type semicon- 
ductor laser (FP laser) 10 of non-linear optical 
medium, a pump laser 20, a frequency filter 30, an 

10 optical fiber amplifier 40, a polarization compensating 
device 50, an optical isolator 60, and an optical sys- 
tem for connection thereof. A spectrum of input signal 
light deteriorated by frequency dispersion from a 
transmission line 200 on the transmitting side is tur- 
fs ned to back (in other words, frequency converted) on 
a frequency axis using non-degenerate four-wave 
mixing of an FP laser 10 and is fed as output signal 
light to a transmission line 300 on the receiving side. 
The operational principle is as hereinbefore described 

20 in operation. 

A semiconductor laser with 1.55 urn band is used 
as an FP laser 10, a distributed feedback type semi- 
conductor laser (hereinafter referred to as a DFB 
laser) with 1 .55 \xm band is used as a pump laser 20. 

25 Both of the two lasers are temperature stabilized 
within ±0.1 °C or less. A resonance mode of the FP 
laser 10 and frequency of the pump laser 20 are re- 
spectively adjusted by temperature control. Fre- 
quency of output signal light may be changed with 

30 variation of frequency of pump laser 20 and with vari- 
ation of an oscillation mode of the FP laser 10. The fre- 
quency filter 30 is for taking up only output signal light 
from the FP laser 1 0 and in this arrangement a Fabry- 
Perot interference type filter is used therefor. The opti- 

35 cal fiber amplifier 40 is one for amplifying a converted 
output signal light to deliver it to a transmission line. 
The optical fiber amplifier 40 uses erbium doped opti- 
cal fiber by semiconductor laser excitation. The polari- 
zation compensating device 50 is to apply pressure to 

40 optical fiber to adjust polarization of input signal light 
and is comprised of a stress applying section, a moni- 
tor section, a control section and the like. 

FIG. 4 is a block diagram of a second embodi- 
ment according to the present invention, typically 

45 showing a basic construction of an optical fiber disper- 
sion-compensating device as claimed in claim 2. An 
essential different point from the first embodiment is 
to utilize as a non-linear optical medium a semicon- 
ductor laser 11 (hereinafter referred to as a single 

50 mode laser) with a plurality of resonance modes cap- 
able of single axis mode oscillation. The other points 
are substantially the same as the first embodiment. In 
this device, light itself of an oscillation mode of the 
single mode laser 11 is used as pump light, thus the 

55 pump light source as arranged in the first embodiment 
is not required. Accordingly, the device constitution is 
simplified. In this arrangement, frequency of the 
single mode laser 1 1 is the same as the first embodi- 



4 



7 



EP 0 500 357 A2 



8 



ment. An operational principle is the same as the first 
embodiment. For the single mode laser 11, there are 
used the lasers with single axis mode oscillation by an 
ordinary FP laser or the DFB laser, a distributive 
Bragg reflection type semiconductor laser, a compo- s 
site resonance type semiconductor laser and the like. 

FIG. 5 is a diagram showing typical output spectra 
in use of a DFB laser, and more particularly showing 
pump light, input signal light, and output signal light 
each relating to frequency. A so-called X74 shift type 10 
DFB laser is used as a DFB laser. In this X/4 shift type 
DFB laser, a sub-mode is present at the symmetrical 
positions of both sides of a central oscillation mode as 
in FIG. 5(a). The signal light at the positions of the 
sub-modes are amplified by resonance as in a reso- 15 
nance mode of the Fabry-Perot type. When the input 
signal is injected to a position of one of the sub-mode 
in the oscillation state, output signal light with a spec- 
trum turned to back on a frequency axis at the position 
of one sub-mode opposite to the pump light (that is, 20 
oscillation light) as shown in Figure 5(b) is generated 
by process of the non-degenerate four-wave mixing. 
This output signal light is amplified by resonance, and 
thus producing the great intensity. A frequency inter- 
val of the oscillation mode and the sub-mode is nor- 25 
mally about 100 to 200 GHz or above, and only the 
output signal light may be taken out by the frequency 
filter 30. A resonance frequency band may be adjus- 
ted by varying resonator length or a coupling coeffi- 
cient of diffraction grating of the X74 shift type DFB 30 
laser, and its frequency band is in the order of several 
tens GHz. 

The XIA shift type DFB laser is ordinary non-ref- 
lectively coated of its both ends. However, if it has a 
several percent reflectivity, a resonance mode as in 35 
the FP laser arises on both sides of sub-modes as 
shown in FIG. 5. This indicates a possibility to use ' 
these resonance modes. The same results are 
obtained even in using as a single mode laser the 
semiconductor laser having the other construction as 40 
hereinbefore described. 

FIG. 6 is a block diagram of the third embodiment 
according to the present invention, typically showing 
a basic construction of an optical fiber dispersion- 
compensating device as claimed in claim 3. An essen- 45 
tial different point from the first embodiment is to 
provide a means for single axis mode oscillating by 
selectively feedback light of specific resonance mode 
from among a plurality of resonance modes using an 
FP laser 10 as non-linear optical medium. The other so 
points are substantially the same as the first embodi- 
ment. In the device, light itself of the oscillation mode 
may be used as pump laser as in the second embo- 
diment, thereby the pump light as arranged in the first 
embodiment is not necessary. Thus the device con- 55 
struction is simplified. The operational principle is 
entirely the same as the first embodiment. A diffrac- 
tion grating 80 is used as a means for feedback a 



specific resonance mode. A half mirror 70 is intro- 
duced for taking out an output signal light from the FP 
laser 10. 

While the preferred embodiment in accordance 
with the present invention has fully been described, 
the some supplemental explanation will be made as 
follows. In the embodiments, only the device corre- 
sponding to 1.55 |im band as a wavelength band of 
signal light has been shown and described. However, 
by way of varying the wavelength of the semiconduc- 
tor laser and pump light source both to be the non-li- 
near optical medium, the same effect as hereinbefore 
described may be obtained even for the signal light 
with the other wavelength band, for example, 1 .3 urn 
band etc. The device according to the present inven- 
tion may effectively be applied as a modulation and 
demodulation system of signal light not only in a direct 
detecting system but also in the other method such as 
a coherent system. The frequency filter 30 and the 
fiber amplifier 50 of the embodiments may be omitted 
depending on a transmission line. The polarized wave 
compensating device 50 is not necessary in the 
arrangement where a polarization maintained optical 
filter is used as a transmission line or in the transmis- 
sion line where a polarization variation is negligible. 

In the arrangement capable of amplifying by reso- 
nance according to the present invention, the output 
signal light may be taken out from any of two 
resonator faces of semiconductor laser of non-linear 
optical medium. Therefore, in addition to the arrange- 
ment according to the embodiments, for example, the 
arrangement capable of injecting the pump light and 
input signal light from an output side resonator face 
may be utilized by suitably changing an optical sys- 
tem. 

As hereinbefore fully described according to the 
present invention, there may be realized an optical 
fiber dispersion-compensating device of stability with 
lower electric power consumption capable of compen- 
sating wave deterioration due to dispersion of high 
speed signals with several Gb/s or above. 



Claims 

1. A device comprising non-linear optical medium, a 
pump light source for generating pump light, an 
injection means for injecting input signal light and 
the pump light into the non-linear optical medium, 
a take-out means for taking out output signal light 
which is frequency converted and is generated 
from the non-linear optical medium by process of 
non-degenerate four-wave mixing, the optical 
fiber dispersion-compensating device charac- 
terized in that the non-linear optical medium is Fa- 
bry-Perot type semiconductor laser (10) and the 
frequencies of the pump light and input signal 
light are respectively substantially coincided with 
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one of different resonance modes of the Fabry- 
Perot type semiconductor laser. 

2. A device comprising non-linear optical medium, 

an injection means for injecting input signal light 5 
into the non-linear optical medium, a take-out 
means for taking out output signal light which is 
frequency converted and is generated from the 
non-linear optical medium by process of non- 
degenerate four-wave-mixing, the optical fiber 10 
dispersion-compensating device, characterized 
in that the non-linear optical medium provides a 
plurality of resonance modes and is a semicon- 
ductor laser (1 1) for single axis mode generating, 
frequency of the input signal light is substantially 1 5 
coincided with one of the resonance modes differ- 
ing from oscillation frequency of the semiconduc- 
tor laser. 

3. A device at least comprising non-linear optical 20 
medium, an injection means for injecting input 
signal light into the non-linear optical medium, a 
take-out means for taking out output signal light 
which is frequency converted and is generated 
from the non-linear optical medium by process of 25 
non-degenerate four-wave mixing, the optical 
fiber dispersion-compensating device, charac- 
terized in thatthe non-linear optical medium is Fa- 
bry-Perot type semiconductor laser (10), an 
oscillation means is provided for single axis mode 30 
oscillating by selectively feeding back light of a 
specific resonance mode from among a plurality 

of resonance modes of the Fabry-Perot type 
semiconductor laser, frequency of the input sig- 
nal light is substantially coincided with one of the 35 
resonance modes differing from frequency of the 
oscillation mode. 
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FIG. 5 
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